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(57) ABSTRACT

Respective gaps between a pair of vertical outer surfaces
parallel to a pressing direction of a punch and iner surfaces
ol a cavity portion of a die facing the same, at positions at
both ends in a longitudinal direction of the cross-section of
the punch, are set smaller than respective gaps between outer
surfaces parallel to the pressing direction of the punch and
inner surfaces of the cavity portion of the die facing the
same, at positions at both ends 1n a width direction of the
cross-section. Burring height formed by pressing a punch for
burring toward the cavity portion to msert the punch into the
same 1s generally proportional to these gap values, and
therefore the burring height at ends 1n the major axis
direction becomes lower than that in the minor axis direc-

tion.
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1
METAL PLATE BURRING METHOD

TECHNICAL FIELD

The present mvention relates to a burring method for
metal plates such as a header plate for a heat exchanger in
vehicles and the like.

BACKGROUND ART

Common heat exchangers are configured by providing a
core portion between an inlet side tank and an outlet side
tank for fluid such as cooling water. The core portion has
stacked plural flat tubes and plural fins arranged therebe-
tween, and both end portions of each tlat tube are brazed and
fixed 1n a state of being nserted in burred flat holes formed
on a header plate of each tank. Usually, a header plate, flat
tube and fin are produced by machining a metal plate such
as an aluminum material.

A flat hole 1n a header plate 1s usually formed by press
machining. Specifically, one of surfaces of a metal plate 1s
arranged from above so as to contact a surface of a die
(fundamental tool) in which a flat cavity portion has been
formed, and 1n this state an apical portion of a flat punch
(punch tool) for burring machining is pressed toward the
cavity portion from the other surface of the metal plate, to
machine a burred flat hole in the metal plate.

However, when a burred flat hole 1s to be machined by a
press machining, comparatively large stress 1s generated at
both apical portions 1n a major axis direction where the
curvature radius of the flat hole 1s small, and theretore local
damage such as crack may be created with high probability
in a burred portion at the apical portion. FIG. 11 shows an
example 1n which such a crack phenomenon 1s generated. In
the example 1n FIG. 11, a burring 3 having identical height
1s formed on the entire peripheral edge of a flat hole 2
formed by press machining in a metal plate 1, and a crack
portion 4 1s brought about at one of apical portions 1n the
major axis direction thereof. When the crack portion 4 like
this 1s generated, brazing quality between parts 1s not
stabilized, and durability performance of a product 1s also
not stabilized. Furthermore, inferior phenomena such as
leakage of fluid from the portion may be brought about.

In Patent Literature 1, a method for solving the above-
described problem 1s disclosed. FIG. 12 illustrates a refer-
ence view for explaining the burring method disclosed 1n
Patent Literature 1. In this burring method, first as 1n FIG.
12(A), at both end portions 1n the major axis direction of a
region 1n a metal plate 1 1n which the flat hole 2 1s formed,
prepared holes 5 with a diameter smaller than thickness
(wall thickness) of a flat tube are formed respectively 1n
advance. Each prepared hole 5 1s punched, as shown 1n FIG.
12(B), with a punch 6 for forming a small hole. Next, as
shown 1 FIG. 12(C), a part sandwiched by both prepared
holes 5 1s subjected to press machining with a punch 7 for
burring to machine the flat hole 2 with the burring 3.

Meanwhile, 1n FIG. 12(D), there 1s shown a state where
a rim portion of a tank main body 9 i1s fixed to both end
portions of a header plate 8 that 1s a metal plate 1 to form a
tank 10 and an apical portion of a flat tube 11 1s inserted in
the flat hole 2 on which the burring 3 has been formed.

According to the method 1n Patent Literature 1, the metal
in a portion of the metal plate 1 for which the prepared hole
5 has been formed has been removed in advance, and
therefore, when press machining 1s performed, height of the
burring 3 to be formed at both end portions in the major axis
direction of the flat hole 2 1s to be formed slightly lower than
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2

other portions of the burring 3 1n accordance with the
removed metal amount. Therefore, it 1s expected that stress
to be brought about in the portion upon press machining
decreases accordingly to some extent, and that the crack
phenomenon as shown 1 FIG. 11 1s also avoided.

CITATION LIST
Patent Literature

PIL 1: Japanese patent No. 3822958

SUMMARY OF INVENTION

Technical Problem

However, 1n the method 1n Patent Literature 1, the diam-
cter of a prepared hole 5 1s limited to a range smaller than
thickness of a flat tube 11, and therefore, 1n a case where a
flat hole 2 into which the flat tube 11 1s to be mserted 1s large,
or 1n a case where height of burring 3 is set to be high, height
of the burring 3 at both ends 1n the major axis direction of
the flat hole 2 becomes a little. Therefore, there 1s limit on
the effect of avoiding crack at both end portions of the flat
hole.

Consequently, the present invention provides a new burr-
ing method that has solved problems 1n such a conventional
method for avoiding crack.

Solution to Problem

A first mnvention of the present inventions 1s a burring
method on a metal plate 1, including the steps of: arranging
one surface of the metal plate 1 on a surface of a die 12
having a vertical mner circumierential surface relative to a
planar face of the die 12 and having a cavity portion 13
whose horizontal cross-section inner circumierence horizon-
tal to the planar face 1s a flat shape; and pressing a flat
burring punch 7 from the other surface of the metal plate 1
toward the cavity portion 13, the burring punch 7 having a
vertical outer circumierential surface relative to the planar
face of the die 12,

wherein:

the punch 7 has a flat cross-section parallel to the planar
face; and

in a state 1n which the punch 7 1s pressed toward the cavity
portion 13 with the metal plate 1 therebetween, respective
gaps between a pair of vertical outer surfaces parallel to a
pressing direction of the punch and inner surfaces of the
cavity portion 13 of the die 12 facing the same, at positions
at both ends 1n a longitudinal direction of the cross-section
of the punch 7, are set smaller than respective gaps between
outer surfaces parallel to the pressing direction of the punch
and inner surfaces of the cavity portion 13 of the die 12
facing the same, at positions at both ends in a longitudinal
direction of the cross-section.

A second invention of the present inventions 1s a burring
method on a metal plate 1, including the steps of: arranging
one surface of the metal plate 1 1n which a preliminary flat
hole 1a has been formed 1n advance on a surface of a die 12
having a vertical mner circumierential surface relative to a
planar face of the die 12 and having a cavity portion 13
whose horizontal cross-section inner circumierence horizon-
tal to the planar face 1s a flat shape; and pressing a burring
punch 7 through the preliminary flat hole 1a from the other
surface of the metal plate 1 toward the cavity portion 13, the
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burring punch 7 having a vertical outer circumierential
surface relative to the planar face of the die 12,

wherein:

the punch 7 has a flat cross-section parallel to the planar
face; and

in a state 1n which the punch 7 1s pressed toward the cavity
portion 13 with the metal plate 1 therebetween, respective
gaps between a pair of vertical outer surfaces and inner
surfaces of the cavity portion 13 of the die 12 facing the
same, at positions at both ends 1n a longitudinal direction of
the cross-section of the punch 7, 1s set smaller than respec-
tive gaps between outer surfaces in a width direction of the
cross-section of the punch 7 and inner surfaces of the cavity
portion 13 of the die 12 facing the same.

A third mvention of the present inventions is that the
metal plate 1s a header plate for a heat exchanger.

Advantageous Effects of Invention

The first mnvention 1s that respective gaps between a pair
of vertical outer surfaces parallel to a pressing direction of
a punch and 1nner surfaces of a cavity portion of a die facing
the same, at positions at both ends 1n a longitudinal direction
of the cross-section of the punch, are set smaller than
respective gaps between outer surfaces parallel to the press-
ing direction of the punch and iner surfaces of the cavity
portion of the die facing the same, at positions at both ends
in a width direction of the cross-section.

Burring height formed by pressing a punch for burring
toward the cavity portion to msert the punch into the same
1s generally proportional to these gap values, and therefore
the burring height at ends in the major axis direction
becomes lower than that in the minor axis direction.

As a result, stress concentration at both ends in the
longitudinal direction of the burring by press 1s lightened.

Meanwhile, by setting the gap to zero, the burring height
at the portion can be made to zero.

Furthermore in the first invention, 1t 1s unnecessary to
form 1n advance the prepared hole 5 1n a metal plate unlike
Patent Literature 1, or to form in advance a preliminary flat
hole 1n a metal plate, the process 1s simple and operability
1s also good. Then regardless of the size of flat holes or the
burring height around the peripheral edges of the same, it
becomes possible to perform burring with high flexibility
and a wide range of applications, and simply. Meanwhile,
this first invention, 1n which a preliminary flat hole i1s not
provided, 1s suitable for instances where a flat hole that 1s
large to some extent 1s unnecessary or high burring 1is
unnecessary.

As compared with the first invention, the second inven-
tion 1s different from the first invention 1n that a preliminary
flat hole 1s formed 1n advance 1n a metal plate prior to
perform burring.

In the second invention configured in this way, as a
consequence of forming 1n advance a preliminary flat hole,
even 1n an 1stance where a comparatively large flat hole 1s
to be formed or 1n an 1nstance where high burring 1s to be
formed, the formation of the flat holes and burring in a metal
plate can be performed smoothly and accurately.

By applying the first invention or the second mmvention to
a tube 1nsertion hole of a header plate for a heat exchanger,
stability of brazing between a flat tube and a header plate 1s
improved, and joining strength 1s increased.

BRIEF DESCRIPTION OF DRAWINGS

FI1G. 1 illustrates a partial perspective view for explaining
one example of the burring method of the present invention.
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FIG. 2 illustrates a plan view of FIG. 1.
FIG. 3 illustrates a partially enlarged side cross-section

view (A) 1n a preliminary perforating step of the metal plate
1, and a partially enlarged side cross-section view (B)
showing a burring step i FIG. 1.

FIG. 4 illustrates a partially enlarged side cross-section
view ol a metal plate burred according to the present
invention.

FIG. 5 1llustrates a partially enlarged perspective view of
a header plate burred according to the present invention.

FIG. 6 1illustrates a VI-VI arrow-seen cross-section view
of FIG. 5.

FIG. 7 illustrates a partial cross-section view of a header
plate 8 diflerent from FIG. 6, which 1s burred according to
the present invention.

FIG. 8 1llustrates a partially enlarged perspective view of
a heat exchanger using a furthermore another header plate
burred according to the present ivention.

FIG. 9 1llustrates a IX-IX arrow-seen cross-section view
of FIG. 8.

FIG. 10 1llustrates a X-X arrow-seen cross-section view of
FIG. 9.

FIG. 11 illustrates a partial perspective view showing an
example 1 which crack occurs at a burring portion.

FIG. 12 1illustrates a view explaining a conventional
burring method.

DESCRIPTION OF EMBODIMENTS

Next, on the basis of the drawings, embodiments of the
present mvention will be explained. FIG. 1 illustrates a
partial perspective view showing one example of the burring
method of the present invention, and FIG. 2 1llustrates a plan
view ol FIG. 1.

In FIGS. 1 and 2, 1n a metal plate 1, a preliminary flat hole
1a, which has a flat plan cross-section, has been formed 1n
advance, and the dimension of the major axis thereof is
shown as L5, and the dimension of the minor axis 1s shown
as d.

With regard to a punch 7 for burring, as one example, one
whose cross-section orthogonal to pressing direction thereof
1s a race track-like shape can be employed. In other words,
the cross-section thereof has a pair of parallel portions
facing each other and a pair of arc portions linking between
both ends thereof. The dimension along the axis in the
longitudinal direction of the race track-like shape 1s shown
as L,, and the dimension 1n the width direction of the punch
7 1s shown as D. The lower end face of the punch 7 may not
be an arc shape. Note that the dimension [, of an axis along
the longitudinal direction of the punch 7 1s 1dentical to the
dimension L, of the major axis of the preliminary flat hole
1a. The dimension D of the axis along the width direction of
the punch 7 1s larger than the dimension d of the minor axis
of the preliminary flat hole 1a 1n the metal plate 1.

A die 12 1s one commonly used as a base stand for
burring, the whole of which 1s formed 1n a block with a hard
iron material or the like and a cavity portion 13 1s formed
from the upper face thereof toward the inside. The cavity
portion 13 of this embodiment 1s a rectangular hole and four
inside surfaces extend vertically from the upper face of the
die 12 toward the lower side thereof. The dimension of the
major axis of the cavity portion 13 1s shown as L., which 1s
the dimension 1dentical to the dimension L., of the axis along
the longltudmal direction of the punch 7 and the dimension
L., of the major axis of the preliminary flat hole 1a. The
dlmensmn of the minor axis of the cavity portion 13 1is
shown as Da.
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In this embodiment, the dimension L, of the major axis of
the cavity portion 13 and the dimension L, of the axis along
the longitudinal direction of the punch 7 are set to be
identical to each other. However, as shown in FIG. 2, the
dimension Da of the minor axis of the cavity portion 13 1s
set to a larger value than the dimension D of the axis along
the width direction of the punch 7. Accordingly, the value of
the gap (L,-L,=0) between the outer surface in the longi-
tudinal direction of the punch 7 and the 1nner surface in the
major axis direction of the cavity portion 13 1s set to be
smaller than the gap (Da-D>0) between the outer surface 1n
the width direction of the punch 7 and the mner surface in

the minor axis direction of the cavity portion 13.
Next, on the basis of FIG. 3, the burring method in this

embodiment shown 1n FIG. 1 will be explained. FIG. 3(A)

1s a partially enlarged side cross-section view showing a
state where the metal plate 1 1s being subjected to perforat-
ing machining of the preliminary flat hole 1a. The perforat-
ing machining of the preliminary flat hole 1a 1s performed
by pressing a perforating punch 14a or the like 1n an arrow
direction, 1n a state where one surface of the metal plate 1
1s arranged on the upper face of a die 12a, and FIG. 3(A)
shows just for reference a small piece 15 of the metal plate
1 having fallen in the cavity when punching has been
performed.

FIG. 3(B) illustrates a partially enlarged side cross-sec-
tion view showing a state where burring 1s being performed
using the punch 7 shown in FIG. 1. The punch 7 has a flat
race track-like cross-section that 1s orthogonal to the press-
ing direction, and has two even side surfaces parallel to each
other at both ends in the longitudinal direction thereof and
in the width direction thereof. Note that lower end portions
ol respective side surfaces have been subjected to chamier-
ng.

In this embodiment, the dimension L, of the major axis in
the cavity portion 13 and the dimension L, along the axis in
the longitudinal direction of the punch 7 are set to be
identical. In other words, the gap between the outer surface
in the longitudinal direction of the punch 7 and the inner
surface in the major axis direction of the cavity portion 13
1s substantially zero. Therefore, when the punch 7 1s pushed
into the cavity portion 13, there are no portions to be bent up
at both ends of the major axis of the cavity portion 13 in the
metal plate 1, and as a result burring 1s substantially not
formed at the portions.

In a case where 1t 1s also necessary to form a compara-
tively low burring 3 at metal plate 1 portions positioned at
both ends of the major axis of the cavity portion 13, the
dimension L, of the major axis in the cavity portion 13 may
be set to be slightly longer than the dimension L, of the axis
along the longitudinal direction in the punch 7.

FIG. 4 illustrates a partially enlarged side cross-section
view showing a state where the metal plate 1 arranged on the
diec 12 has been subjected to burring, which shows an
example of forming the comparatively low burring 3 at
metal plate 1 portions positioned at both ends of major axis
of the cavity portion 13, by setting modification of the gap
as described above. Meanwhile, FIG. 4 1s a side cross-
section view seen from the minor axis direction of the cavity
portion 13, 1n which both ends of a high burring 3 at the
portion run 1n a line to the arc low burring 3.

FI1G. 5 1s a partially enlarged perspective view of a header
plate 8 (metal plate 1) burred as 1n FIG. 4, and FIG. 6 1s a
VI-VI arrow-seen cross-section view of FIG. 5. In FIG. 6,
there are shown together a state where the rim of a tank main
body 9 shown by a dotted line 1s fixed to both ends of the
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header plate 8 to form a tank 10, and a state where an apex
of a flat tube 11 1s mserted in the flat hole 2.

FIG. 7 1s a partial cross-section view of the header plate
burred 1n a configuration in which the horizontal cross-
section shape of the punch 7 1s set to an approximate
rectangle, and the gap between the outer surface in the
longitudinal direction of the punch 7 and the 1nner surface 1n
the major axis direction of the cavity portion 13 1s set
substantially to zero. FIG. 7 1s shown according to FIG. 6,
but 1n FIG. 7 both ends of the high burring 3 1n the minor
axis direction in the metal plate 1 form vertical surfaces
relative to the planar face of the metal plate 1. In this case,
it 1s shown that any burring 3 1s substantially not formed at
both ends 1n the major axis direction of the cavity portion 13.

FIG. 8 illustrates a partially enlarged perspective view of
a heat exchanger 16 on which the header plate 8 of another
Example burred according to the present invention 1is
mounted, FIG. 9 illustrates a IX-IX arrow-seen cross-section
view of FIG. 8, and FIG. 10 1s a X-X arrow-seen cross-
section view of FIG. 9.

In this example, the horizontal cross-section of the header
plate 8 1s formed 1n an arc shape. To the header plate 8, a
tank main body 9 having an arc horizontal cross-section 1s
fixed to form a tank 10, and a core portion 14 i1s formed of
stacked plural flat tubes 11 and fins 15 arranged therebe-
tween. Further, burring 1s formed on this header plate 8
having an arc cross-section. Regarding the height of burring
from an opening edge face, it 1s low at both ends thereof and
1s high between these.

The heat exchanger 16 1s configured by these respective
members.

Meanwhile, 1n FIG. 9, an end lid and a core support 17
fixed to one of ends of the core portion 14, which are not
shown 1n FIG. 8, are shown just for reference.

Note that, 1n the above explanation, the example in which
the preliminary flat hole 1a has been formed 1n advance 1n
the metal plate 1 1s explained, but it may be omitted (claim

1).

INDUSTRIAL APPLICABILITY

The present invention can be utilized for burring a metal
plate such as a header plate for a heat exchanger in vehicles
and construction machines.

REFERENCE SIGNS LIST

1 metal plate

1a preliminary flat hole
15 small piece

2 flat hole

3 burring

4 crack portion

5 prepared hole

6 punch
7 punch
8 header plate

9 tank main body

10 tank

11 flat tube

12 die

12a die

13 cavity portion

14 core portion

14a perforating punch
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15 {in
16 heat exchanger
17 core support

The 1nvention claimed 1s:
1. A burring method on a metal plate, comprising the steps 2

of:

arranging a first surface of the metal plate on a surface of

a die, the die having a cavity portion forming a vertical
iner circumierential surface relative to a planar face of
the die, and the cavity portion’s horizontal cross-
section mner circumierence parallel to the planar face
being a flat shape, the flat shape being oblong of length
greater than width; and

pressing a burring punch from a second surface of the

metal plate toward the cavity portion, the second sur-
face of the metal plate being opposite the first surface
of the metal plate, the burring punch having an oblong
horizontal cross-section of length greater than width,
and the burring punch having a vertical outer circum-
ferential surface relative to the planar face of the die,

wherein:
the punch has a flat cross-section parallel to the planar

face; and

in a state 1n which the burring punch 1s pressed toward the

cavity portion of the die with the metal plate therebe-
tween, a gap between the vertical outer circumierential
surface of the burring punch parallel to a pressing
direction of the burring punch and the vertical inner
circumierential surface of the cavity portion of the die
facing the same 1s set smaller at both ends 1 a
longitudinal direction of the horizontal cross-section of
the burring punch than between said both ends whereby
a burring of lesser height at said both ends than between
said both ends 1s formed.

10

15

20

25

30

8

2. A burring method on a metal plate, comprising the steps

arranging a first surface of the metal plate 1n which a

preliminary flat hole has been formed 1n advance on a
surface of a die, the preliminary flat hole having an
oblong horizontal cross-section of length greater than
width, the die having a cavity portion forming a vertical
inner circumierential surface relative to a planar face of
the die, and the cavity portion’s horizontal cross-
section mner circumierence parallel to the planar face
being a flat shape, the flat shape being oblong of length
greater than width; and

pressing a burring punch through the preliminary flat hole

from a second surface of the metal plate toward the
cavity portion, the second surface of the metal plate
being opposite the first surface of the metal plate, the
burring punch having an oblong horizontal cross-sec-
tion of length greater than width, and the burring punch
having a vertical outer circumierential surface relative
to the planar face of the die,

wherein:
the punch has a flat cross-section parallel to the planar

face; and

in a state 1n which the burring punch 1s pressed toward the

cavity portion of the die with the metal plate therebe-
tween, a gap between the vertical outer circumierential
surface of the burring punch and the vertical inner
circumierential surface of the cavity portion of the die
facing the same 1s set smaller at both ends 1n a
longitudinal direction of the horizontal cross-section of
the burring punch than between said both ends whereby
a burring of lesser height at said both ends than between
said both ends 1s formed.
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